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[54] Name of invention: Fluidized-bed catalyst for propylene ammoxidation to produce 
acrylonitrile. 

[57] Abstract: 

This invention relates to a fluidized-bed catalyst for propylene ammoxidation to 
produce acrylonitrile, comprising silicon dioxide as support and a composite of the 
atomic ratio of the following formula: AaBbCcMgaM^WfFegBihMoiOx, wherein A is at 
least two elements selected from the group consisting of Li, Na, K, Rb, and Cs; B is at 
least one element selected from the group consisting of Co, Ni, Cr, Ca, Ce, La, Cu and V; 
C is at least one element selected from the group consisting of B, P and As. The catalyst 
of this invention is especially suited for use under conditions of slightly lower than 
normal reaction temperatures, low air to propylene ratios, higher reaction pressures and 
high loads. It maintains a high single pass yield rate of acrylonitrile, making it suitable 
for industrial use. 
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Claims 

1 . A fluidized-bed catalyst for propylene ammoxidation to produce acrylonitrile, 
comprising silicon dioxide as support and a composite of the atomic ratio of the 
following formula: 

AaBbCcMgdMrieWfFegBihMoiOx, 

where A is at least two elements selected from the group consisting of Li, Na, K, Rb 
and Cs; 

B is at least one element selected from the group consisting of Co, Ni, Cr, Ca Ce La 
CuandV; ' ' ' 

C is at least one element selected from the group B, P and As; 

a = 0.01 to 1.5; 

b = 0.1 to 10.0; 

c = 0.0 to 0.6; 

d = 0.8to 7.5; 

e = 0.01 to 2.5; 

f= 0.05 to 1.5; 

g = 0.1 to 4.0; 

h = 0.2 to 2.5; 

1= 12.0 to 14.5; 

x = total number of oxygen atoms required to satisfy the valence requirement of 
the other elements present in the catalyst; 

the content of silicon dioxide support in the catalyst is in the range of 30 to 70% 
by weight. 

2. A catalyst based on claim 1, wherein a is in the range of 0.01 to 0.7. 

3. A catalyst based on claim 1, wherein c is in the range of 0.01 to 0.45. 

4. A catalyst based on claim 1 , wherein d is in the range of 1 .0 to 4.0. 

5. A catalyst based on claim 1 , wherein e is in the range of 0.2 to 1 .5. 

6. A catalyst based on claim 1 , wherein f is in the range of 0. 1 to 1 .0 
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Description 



Fluidized-bed catalyst for propylene ammoxidation to produce acrylonitrile 

The present invention relates to a fluidized-bed catalyst for propylene ammoxidation to 
produce acrylonitrile. 

Acrylonitrile is an important organic industrial chemical produced by the reactivity of 
propylene ammoxidation. Continuous investigation has been made into obtaining a 
highly active and selective fluidized-bed catalyst for this purpose, resulting in a series of 
improvements in catalyst activity. Emphasis has been placed upon collocation of the 
active components in order to increase activity and selectivity of the catalyst, thereby 
increasing the single pass yield rate of acrylonitrile as well as the production load. 

Thirty years of development in the industry now see processing capacity and market 
demand close to being in balance. In the quest to lower raw material consumption and 
increase processing capacities, the main trend in acrylonitrile production has evolved 
from an emphasis on building new production equipment and facilities to adapting 
existing production technologies. That, along with highly effective catalysts and the 
elimination of bottlenecks in production, can mean increases in acrylonitrile production 
capacities of 50 to 80%. The investment necessary is only 20 to 30% of that required for 
new equipment, which is a huge benefit from an economic standpoint. 

Two problems will arise when modifying existing production facilities: 1) reaction 
pressure in fluidized-bed reactors will increase; 2) catalyst loads cannot be too large. 
Therefore, new catalysts should have higher propylene loads and should be able to 
withstand higher reaction pressures. 

Reaction pressure in fluidized-bed reactors is determined by the drop in resistance of a 
series of heat exchangers, columns, and piping between the reactor outlet and the top of 
the absorption column. Due to a sizeable increase in outlet emissions brought about by 
an increase in processing capacity, resistance drops further. Also, if the thermal diffusion 
area isn't large enough, more heat exchange equipment will be needed, dropping 
resistance even further. Due to environmental demands, reaction emissions from 
absorption columns are not allowed to be discharged directly into the air, but instead 
must be sent to furnaces to be burned off. If an exhaust fan isn't used, pressure will have 
to be increased in the absorption column. Due to each of the factors cited above, at 
present the reactor's operating pressure will need to be increased by 0.5 to 1.0 times that 
of the original value, reaching more than 0.08 MPa. 

The second problem cited above is the catalyst load (WWH). It is defined as the number 
of tons of propylene processed per ton of catalyst per hour. Due to increases in the 
amount of material fed into the reactor, if the catalyst load is invariant, the amount of 
catalyst loaded must correspondingly be increased. However, if the cooling water pipe in 
the fluidized-bed reactor isn't high enough, the catalyst might fluidize higher than the 
pipe. Also, the operating speed will be faster due to the increased feed of material into 
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the reactor. The combined effect of these two changes might be to affect a rise in the 
temperature of the dilute phase, leading to an increase in carbon dioxide and a decrease in 
the selectivity of the acrylonitrile. However, a higher WWH for the catalyst will prevent 
these problems. 

In theory, increasing the WWH of the catalyst should mean increasing the catalyst's 
active capacity to adsorb propylene, but at present there are no reports of any element in a 
catalyst that is able to do as such. 

Chinese patent CN 1021638C proposes a catalyst composed of the following: 
AaBbC c Ni d CoeNafFegBihMiMojO x ; wherein 

A is potassium, rubidium, cesium, samarium and thallium; B is manganese, 
magnesium, strontium, calcium, barium, lanthanum and rare earth; C is phosphorus, 
arsenic, boron, antimony and chromium; M is tungsten and vanadium. 

This catalyst can achieve higher single pass yields of acrylonitrile, but has a lower 
propylene load. Under higher reaction pressures there is a larger decrease in single pass 
yields. Further research has shown that there is a link between the effect of components 
B and M upon this catalyst's load and its performance under high pressure. Even though 
certain of the elements of component B function to increase single pass yields of 
acrylonitrile, they have a negative effect upon the increase in catalyst load and 
performance under high reaction pressures, and don't help the catalyst adjust to higher 
pressures and loads. Patent CN 1021638C stipulates that in the catalyst above the sum of 
l and j is 12, a constant. The present invention dispenses with this stipulation because 
when component M is increased, the molybdenum component decreases, affecting single 
pass yields of acrylonitrile. 

US patents 5,093,299 and 5,212,137 introduce a catalyst composed of molybdenum, 
bismuth, iron, nickel, magnesium and cesium for an ammoxidation reaction to produce 
acrylonitrile. From the embodiments of these patents it can be seen that the catalyst does 
not include sodium. Even though the optional elements include rare earth metals cerium 
and chromium, they are still merely optional, and there is no example given where other 
rare earth elements are collocated with chromium and magnesium. The test conditions of 
the embodiments are a fixed-bed and a reaction temperature of 430°C, but no data is 
given for the actual reaction pressures or the operating loads of the tests. This fixed-bed 
does not, however, reflect the actual operating conditions of a fluidized-bed. The patents 
claim that the catalyst is able to function under slightly lower than normal reaction 
temperatures, and has higher catalytic activity and very good oxidation-reduction 
stability, and thus is suitable for use in conditions of lower air to propylene ratios. 

Japanese patent JP 8-27089 introduces a method for manufacturing acrylonitrile using a 
catalyst composed of molybdenum, bismuth, iron, magnesium and tungsten for an 
ammoxidation reaction. The tests were conducted under conditions of normal pressure, 
but the patent does not give data for conditions of high pressure or high operating loads. 
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The goal of the present invention is to overcome the problems of higher reaction 
pressures and operating loads not dealt with for the catalyst in the patents mentioned 
above, offering a new fluidized-bed catalyst for producing acrylonitrile. This catalyst is 
suitable for use in conditions of slightly lower than normal reaction temperatures, higher 
reaction pressures and higher loads while maintaining high single pass yield rates of 
acrylonitrile. 

The goal of the present invention will be realized with the following technology: a 
fluidized-bed catalyst for producing acrylonitrile comprising silicon dioxide as support 
and a composite of the atomic ratio of the following formula: 

AaBbCcMgdMrieWfFegBihMoiOx, 

where A is at least two elements selected from the group consisting of Li, Na, K, Rb 
and Cs; 

B is at least one element selected from the group consisting of Co, Ni, Cr, Ca, Ce, La, 
Cu and V; 

C is at least one element selected from the group B, P and As; 



a 


= 0.01 to 1.5; 


b 


= 0.1 to 10.0; 


c 


= 0.0 to 0.6; 


d 


= 0.8 to 7.5; 


e 


= 0.01 to 2.5; 


f= 


= 0.05 to 1.5; 


g 


= 0.1 to 4.0; 


h 


= 0.2 to 2.5; 


i = 


= 12.0 to 14.5; 



x = total number of oxygen atoms required to satisfy the valence requirement of 
the other elements present in the catalyst; 

the content of silicon dioxide substrate in the catalyst is in the range of 30-70 
percent by weight. 
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Within this proposal, the optimum range for a is 0.01 to 0.7, for c 0.01 to 0.45, for d 1 .0 
to 4.0, for e 0.2 to 1.5, and for f 0.1 to 1.0. 

There are no special demands for the manufacture of the catalyst in this invention; it can 
be prepared according to conventional methods. First, mix the components of the 
catalyst into a solution, then mix the solution with the substrate to form a slurry. After 
spray drying into microspheres, calcinate to produce the catalyst. The preparation of the 
catalyst is best done according to the method in Chinese patent CN 1005248C. 

The raw materials used to prepare the catalyst in this invention are as follows: 

Molybdenum oxide or ammonium molybdate is used for the molybdenum component . 

The phosphorus, arsenic and boron preferably originate from their corresponding acids or 
ammonium salts; tungsten originates from ammonium tungstate or tungsten oxide; 
chromium preferably originates from chromium trioxide, chromium nitrate, or their 
mixture; the remaining can originate from their nitrates, hydroxides or oxides, or salts 
which are decomposable to oxides. 

The raw material for the substrate, silicon dioxide, can originate from silica sol, silica gel, 
or their mixture. If silica sol is used, its quality must meet the standard of Chinese patent 
CN 1005248C. 

Once the slurry is formed it is heat-treated to solid content of 45 to 55%, and then spray 
dried. The spray dryer can be a pressure type, double stream type or centrifugal rotating 
disc type dryer. The centrifugal rotating disc type spray dryer is preferred, as it 
guarantees a good particle size distribution for the catalyst. 

Calcination of the catalyst is done in two stages: decomposition of the salts of each 
element in the catalyst; and calcination at a high temperature. For decomposition, the 
temperature should be between 200 and 300° C and the time 0.5 to 2 hours. The 
calcination temperature is between 500 and 800° C, preferably between 550 and 700° C, 
and the time from 20 minutes to 2 hours. Decomposition and calcination can be 
performed separately, or in different parts of the same oven, or simultaneously in a 
rotating oven. A suitable amount of airflow air is needed in the oven during 
decomposition and calcination in order to prevent reduction. 

In the catalyst of the present invention, the specifications for the propylene, ammonia, 
and molecular oxygen required to prepare acrylonitrile are the same as those of other 
ammoxidation catalysts. Even though the low molecular weight and hydrocarbon content 
of the raw materials have no effect upon reaction, from an economic viewpoint the 
concentration of propylene should be higher than 85% by mole. Ammonia can be a 
fertilizer-grade liquid ammonia. Pure oxygen or oxygen-enriched air is preferred for 
reaction, though for reasons of economy and resource availability it is better to use air as 
a source of oxygen. 
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The mole ratio of ammonium to propylene feeding to the fluidized-bed reactor is from 
0.8 to 1 .5, and preferably from 1 .0 to 1 .3. The air to propylene mole ratio is from 8.0 to 
10.5, and preferably from 9.0 to 9.8. Should higher air ratios be necessary for any reason, 
they may reach 1 1 .0 without a significant effect on reaction. However, for safety reasons' 
the volume content of oxygen in the gaseous reactant should not be higher than 7%, and 
preferably not higher than 4%. 

When the catalyst of the present invention is used in a fluidized-bed reactor, the reaction 
temperature should be from 420 to 470° C, and preferably from 425 to 450° C. The 
catalyst is suitable for use in conditions of slightly lower than normal reaction 
temperatures, high pressure and high loads, and as such the reaction pressure can exceed 
0.08 MPa (for example: from 0.08 to 0.15 MPa). Reaction pressure below 0.08 MPa 
will show no unfavorable effect, and acrylonitrile single pass yields may increase further. 

The propylene load of the catalyst (WWH) is from 0.06 to 0.15/hr, and preferably from 
0.07 to 0.10/hr. Should the load be too low it will not only waste catalyst, but will also 
increase production of carbon dioxide and selectivity will decrease. An overly large load 
is not practically useful; with a catalyst feed that is too small, the heat-transferring area of 
the cold water pipe within the catalyst will be smaller than the area needed to remove the 
reaction heat, making the reaction temperature impossible to control. 

With the catalyst of the present invention, existing production technology can be used for 
product recovery and refining. The unreacted ammonia in the effluent from the fluidized- 
bed reactor is removed in a neutralization tower, and all the organic components are 
absorbed in water at low temperature. Extractive distillation is used for removing 
hydrogen cyanide and water from the absorbed liquid, making for an acrylonitrile product 
of high purity. 

As the magnesium in the component is beneficial for high loads, lowered reaction 
temperatures and lowered air to propylene ratios, tungsten can enhance the performance 
of the catalyst under high reaction pressures. By removing elements that have a negative 
effect upon reaction performance under high pressure and high loads, and increasing the 
amount of magnesium used, as well as using magnesium, manganese and tungsten at the 
same time, the catalyst obtains a better result when under a slightly lower than normal 
reaction temperature of 425° C, a high reaction pressure (0.14 MPa), a high load (WWH 
0.085/hr). The single pass yield rate for acrylonitrile reaches 80.1% as well. 

The catalyst of this invention was tested for activity in a fluidized-bed reactor having an 
inner diameter of 38 mm. The amount of catalyst used was 400 g, the reaction 
temperature was 425° C, pressure was 0.14 MPa, mole ratio was propylene:ammonia air 
= 1:1 .2:9.5, and WWH was 0.085/hr. 

The definitions for the propylene conversion rate, acrylonitrile selectivity and single pass 
yield rates are as follows: 

Propylene conversion rate (%) 
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(reaction propylene mole number propylene load mole number) x 100 
Acrylonitrile selectivity (%) 

(produced acrylonitrile mole number -s- reaction propylene mole number) x 100 
Acrylonitrile single pass yield rate (%) 

(produced acrylonitrile mole number h- propylene load mole number) x 100 
This invention is elaborated further by the following embodiments. 
EMBODIMENT 1 

Material A was prepared by dissolving a mixture of 2.05 g cesium nitrate, 3.88 g sodium 
nitrate and 1.75 g potassium nitrate in 30 g of water by heating; 

Material B was prepared by dissolving 12.5 g chromium trioxide in 15.0 g of water. 

Material C was prepared by dissolving 21.68 g ammonium tungstate and 435.7 g 
ammonium molybdate in 350 g water of a temperature ranging from 60°C to 90°C; 

Material D was prepared by dissolving a mixture of 65.0 g bismuth nitrate, 15.25 g of 
manganese nitrate, 290.5 g of nickel nitrate, 46.8 g of cerium nitrate, 98.5 g of 
magnesium nitrate and 175.25 g of iron nitrate in 250 g of water by heating; 

Material E was a solution of 4.35 g of phosphoric acid. 

Material A was mixed with 1280 g of 40% by weight silica sol, to which materials C, B, 
DandE were added while stirring. After thoroughly stirring, a slurry was formed, which 
was spray-dried according to conventional methods to obtain microspheres, followed by 
calcining at 600°C for 2 hours in a rotating oven with an inner-diameter of 89 mm and a 
length of 1700 mm (phi.89.times.1700 mm). The prepared catalyst had a composition as 
follows: 

50%K 0 .iNao.2oCso.o65 P0.025Cr0.35Ce0.35Ni6.0Mg1.25Mn0.15W0.25Fe2.0Bi0 75Moi 3 oO x + 50% 
Si0 2 . 

EMBODIMENTS 2 to 8 and COMPARATIVE EXAMPLES 1 to 4 

The catalysts below, with their different components, were prepared fundamentally by 
the process as described in Embodiment 1, and acrylonitrile was produced by a propylene 
ammoxidation reaction under the following reactive conditions with said catalysts. 
Please see results at Table 1 . 

The reactive conditions for the embodiments and comparative examples were as follows: 
phi 38 mm fluidized-bed reactor 
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temperature: 425 °C 
pressure: 0.14 MPa 
catalyst load: 400 g 
WWH: 0.085/hr 

material ratio (mole): C 3 / NH 3 / air = 1/1 .2/9.5 
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